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1. ABSTRACT

Mollicutes are the smallest and simplest self-
replicating microorganisms. Despite the minimal genome
and apparent lack of complexity, mycoplasmas show a high
degree of adaptation to the most diverse environments.
Mycoplasma hominis is a human sexually transmitted
mycoplasma which is able to establish a biological
association with Trichomonas vaginalis, a pathogenic
flagellated protist. M.hominis and T.vaginalis share the
same specific natural niche, the human genitourinary tract.
Symbiotic relationships between unicellular eukaryotes and
bacteria are well known and have been extensively studied,
providing interesting insights into the biology of one or
both the symbionts. The relationship between 7.vaginalis
and M.hominis is unique in that it was the first described
association of two obligated human parasites. Several
aspects of this relationship have been investigated, showing
how the trichomonad may be viewed not only as a new
niche for M.hominis, but also as a "Trojan horse" for the
transmission of the bacterial infection to the human host.
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2. INTRODUCTION

2.1. The relationships between protozoa and bacteria
Symbiotic relationships between environmental
protists and pathogenic bacteria are well known and quite
common in nature (1). Nevertheless the role of symbiosis
between protists and prokaryotes in human infection has
received little attention until the finding that the symbiosis
itself may influence the pathogenicity of one or both the
microorganisms involved (2). Unicellular eukaryotes are
frequently isolated from the most diverse ecosystems,
where they predate bacteria in environmental biofilms.
Various bacteria have developed diverse mechanisms to
survive protist killing. Also several human bacterial
pathogens (e.g. Legionella pneumophila, Mycobacterium
spp., Francisella tularensis, Salmonella spp. and Vibrio
cholerae) have been shown to infect and replicate within
protists (3, 4). The relationship between L. pneumophila,
the causative agent of Legionnaire’s disease, and
environmental amoebae is the most intensively studied (5).
L. pneumophila is able to survive and to multiply within
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environmental amoebae and shows an enhanced infectivity
and virulence when released from the protozoan host (6, 7,
8). A growing body of evidence shows the influence of
protozoan hosts over the virulence of the bacterial
symbionts. Indeed protists appear to play a key role in the
passage of pathogenic bacteria from the environment to
their human host, acting as vectors for bacterial infection.
According to several authors, protists may be viewed as
“biological gyms” for pathogenic bacteria, where they train
to avoid eukaryotic killing mechanisms (9, 1, 3).

The existence of a symbiotic relationship
between Trichomonas vaginalis and Mycoplasma hominis,
which is the first reported example of symbiosis between
two obligate human pathogens, has been recently reported
by our research group

2.2. Mycoplasma hominis and Trichomonas vaginalis:
two sexually transmitted human pathogens

Trichomonas vaginalis is a flagellated parasitic
protist responsible for trichomoniasis, one of the most
common sexually transmitted diseases in humans estimated
to affect at least 200 million people worldwide (10).
T.vaginalis is responsible for severe vaginitis accompanied
by abdominal pain, itching, and foul-smelling discharge
(11). T.vaginalis infection is mainly asymptomatic in men
(12). Moreover, trichomoniasis is associated with an
enhanced risk of neoplastic transformation in cervical
tissues (13) and increased human immunodeficiency virus
(HIV) seroconversion in women (14, 15). The mechanisms
by which T.vaginalis exerts its pathogenic effects involve
adhesion to host cells (16, 17, 18), the activity of pH-
dependent pore-forming proteins (19, 20) and of
cytoskeleton-disrupting proteases (21).

Genital infection by M.hominis is associated with a
variety of signs and symptoms, but the pathogenicity
mechanisms of this bacterium are still unclear. M.hominis
can be isolated from the genital tract of both symptomatic
and asymptomatic individuals and it is considered a
commensal microoorganism of the genital tract that can act
as a pathogen. A major diagnostic problem is therefore to
define its effective role as a cause of infection.
Nevertheless, there are evidences that M.hominis may play
an important etiologic role not only in genital tract diseases
of both men and women, but also in extragenital infections
(22, 23). Interestingly, both M.hominis infections and
trichomoniasis are associated with several pregnancy and
post-partum complications, including pre-term delivery and
low birth weight infants (24, 25, 26, 27).

3. THE BIOLOGICAL ASSOCIATION BETWEEN
MYCOPLASMA HOMINIS AND TRICHOMONAS
VAGINALIS

A number of morphological, biological and clinical
observations induced our research group to investigate on
the existence of a biological association between
T.vaginalis and mycoplasmas:

I. Electron microscopy studies showed the presence
of apparently intact mycoplasmas in food vacuoles
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of freshly isolated 7.vaginalis cells, even after 6
weeks of cultivation (28, 29).

II. In vitro cultures of the protist Plasmodium
falciparum may be accidentally infected by
mycoplasma species commonly found as cell
culture contaminants (30).

III. Large epidemiological studies on the
prevalence of different sexually transmitted
diseases highlighted a strong clinical association
between T.vaginalis and M.hominis infections.
Studies carried out on more than 40.000 individuals
showed that an unexpected large percentage of
patients affected by trichomoniasis were also
positive for M.hominis (31, 32). The association is
strictly species-specific, since is not observed with
Ureaplasma urealyticum, an other Mollicutes
species that is a much more common inhabitant of
the human genital tract.

We investigated on a group of more than 200
symptomatic women for the association among 7T.vaginalis,
U.urealyticum and M.hominis, using both traditional and
molecular techniques. Results confirmed the exclusive
association  between  T.vaginalis and  M.hominis
(unpublished data).

PCR analysis, standard biochemical techniques and
growth characteristics in selective media showed that more
than 90% of clinical isolates from our T.vaginalis
collection were positive for M.hominis. The presence of
mycoplasma species commonly found as cell culture
contaminants (M. arginini, M. hyorhinis, M. orale, M.
fermentans, and Acholeplasma laidlawii) or frequently
present in the genital tract (U. wrealyticum and M.
genitalium) was excluded by DNA analysis. Moreover,
M.hominis infection was still detectable after 3 months of
continuous in vitro cultivation of protozoa in Diamond’s
TYM culture medium. This result shows that M.hominis is
able not only to infect T.vaginalis, but also to replicate in
association to protozoan cells (33). The association with
T.vaginalis appears to be necessary for mycoplasma in
vitro replication. Indeed, Diamond’s TYM medium is not
able to sustain M.hominis growth.

Previous studies on T’vaginalis/M.hominis in vitro
interaction led to somehow different results (34). Taylor-
Robinson and colleagues reported that, when infecting in
vitro T.vaginalis with M. hominis, most bacteria were
ingested and killed within 3 hours. This observation is not
necessarily in contrast with our findings. In fact, upon co-
incubation of a Mycoplasma-free T.vaginalis culture and
M.hominis in vitro, we observed a rapid decrease in the
number of bacteria. In a few days the number of
mycoplasmas increases, reaching a T.vaginalis/M.hominis
ratio characteristic for each strain. We detected M.hominis
in protozoan fresh isolates, indicating that the association
between the two microorganisms takes place in the
urogenital tract (35). The absence of M.hominis in some of
the T.vaginalis isolates analyzed may reflect a different
susceptibility of protozoan isolates to bacterial infection, or
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Figure 1. Micrographs depicting the cellular localization of
M.hominis infecting T.vaginalis. Panels A to C represent
the same area of a protozoan monolayer. Mycoplasmas
were localized with anti-M.hominis rabbit antiserum before
permeabilization of trichomonad cells, followed by staining
with rodamine-conjugated anti-rabbit antibody. After
permeabilization of T.vaginalis cells, intracellular
mycoplasmas were detected with anti-M.hominis rabbit
antiserum, followed by staining with FITC-conjugated anti-
rabbit antibody. A. FITC fluorescence showing extracellular
and intracellular mycoplasmas. B. Rodamine fluorescence
showing mycoplasmas which are extracellularly located. C.
Superimposed images of panels A and B indicating the
localization of extracellular (red) and intracellular (green)
mycoplasmas. Reproduced with permission of American
Society for Microbiology (ASM) (44).
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merely indicates that the protist never encountered
M.hominis in vivo. This is the first case reported of a
symbiotic relationship between two obligated human
parasites. The presence of M.hominis in association with
T.vaginalis has important clinical implications. When
diagnosing a T.vaginalis infection, the possibility of a
M.hominis infection should be taken into account by
physicians.

The association between T.vaginalis and M.hominis
differs from symbiotic relationships between environmental
protists and intracellular bacteria in several distinctive
features. Firstly, T.vaginalis, unlike environmental
amoebae, is an obligated parasite unable to survive outside
the human host. In fact T.vaginalis shows neither
transformation into cystic forms nor a free-living stage.
Secondly, mycoplasmas represent an atypical class of
bacteria with a small genome size lacking a cell wall and
several metabolic pathways. These unique characteristics
are reflected in the strong dependence of mycoplasmas on
host cell environment. The complete genome sequences of
several Mollicutes revealed the genetic basis of such
dependence. Mycoplasmas lack genes involved in
aminoacid and cofactor biosynthesis. The number of genes
involved in lipid metabolism and purine and pyrimidine
synthesis is extremely low. Mycoplasmas are not able to
synthesize fatty acids and must import nucleic acid
precursors. Furthermore, mycoplasmas show a deficiency
in genes coding for components of energy metabolism (36-
40). Owing to this saving in gene complexity, mycoplasmas
show a strong dependence on host cells and a strict host
and tissue specificity (41). An intriguing issue raised by
comparative genomics of mycoplasmas is that of reductive
evolution. The low genomic complexity is believed to be
the consequence of the intracellular parasitic lifestyle of
mycoplasmas. Life in a nutrient-rich environment might
have represented an evolutive pressure leading to the loss
of genes (42).

In the last few years several aspects of the
symbiosis between T.vaginalis and M.hominis have been
characterized. T.vaginalis displays an isolate-to-isolate
variability in the number of M.hominis per cell. This may
reflect a possible different capability of bacteria to infect
T.vaginalis or a different susceptibility of T.vaginalis
isolates to M.hominis infection. T.vaginalis is able to pass
mycoplasmal infection in vitro not only to mycoplasma-
free protozoan isolates, but also to epithelial cells derived
from the human uterine cervix (43). This finding suggests a
potential role for T.vaginalis as a carrier in transmitting the
bacterial infection in vivo. The demonstration of ability of
M.hominis to enter, survive and replicate within T.vaginalis
cells (44), furtherly support this hypothesis.

In the past years the issue whether mycoplasmas
localize intra- or extracellularly has long been debated (45).
Interesting investigations showed that several pathogenic
mycoplasmas species are intracellularly located (46, 47,
48). Differential immunostaining of intra- and extracellular
mycoplasmas clearly shows the ability of M.hominis to
enter 7.vaginalis cells (Figure 1). Intracellular location may
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Figure 2. Detection of 5-BrdU incorporation by M.hominis
located within T.vaginalis cells. A. mycoplasma-free
T.vaginalis isolate and B. M.hominis -infected T.vaginalis
after 48 hours of incubation with 5-BrdU and gentamicin.
Incorporation has been highlighted using anti-5-BrdU

antibodies. DNA biosynthesis is detectable in both
T.vaginalis strains nuclei and in the cytoplasm of
Mpycoplasma-infected strain SS14, as indicated by arrows.
Intracellular persistence of M.hominis over extended
periods was demostrated with long-term gentamicin
protection assay. Reproduced with permission of American
Society for Microbiology (ASM) (44).

protect these bacteria from host immune response and
antibiotic treatment and may also partially explain the
difficulty in eradicating mycoplasma infections.

At present we are not still able to assess if
M.hominis actively invades T.vaginalis or is phagocytized
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by the protist. Beside its ability to locate and survive within
T.vaginalis cells M.hominis is also able to replicate in its
intracellular ~ environment.  Gentamicin  protection
experiments coupled with 5-BrdU incorporation assay
showed that mycoplasmas persist in their intracellular
location and actively multiply (Figure 2). Figure 1 and
figure 2 show that M.hominis cells seem to be concentrated
in few hotspots and not dispersed throughout the
T.vaginalis ~ cell. In particular, figure 2 shows that
mycoplasmas are preferentially located at the posterior end
of trichomonad cells, where vacuoles can be detected. This
suggests a possible localization of M.hominis in T.vaginalis
endosomes/vacuoles, similarly to HIV particles ingested by
endocytosis (49). This is precisely where mycoplasma-like
structures have been observed in the first electron
microscopy studies on T.vaginalis (28, 29). M.hominis
replication within T.vaginalis cells represents a potential
defence mechanisms during infection in vivo. Entry into
protozoan cells may provide a protected niche for
M.hominis survival. This may explain at least in part the
ability of M.hominis to persist in the harsh environmental
conditions of the wvaginal tract (50). Furthermore,
T.vaginalis may be viewed indeed as a “Trojan horse” in
transmitting M.hominis infection in vivo.

Are Mollicutes other than M.hominis capable to
establish a symbiotic relationship with protozoan species?
M.hominis appears to be unique from this point of view,
despite the observation of mycoplasma-like particles on the
surface of Giardia spp.(51). This is a mere morphological
description and putative mycoplasma microorganisms have
never been isolated from Giardia, nor has this association
been characterized. The biological association between
T.vaginalis and M.hominis can not be only explained by the
mere copresence in the vaginal tract. Mycoplasmas show a
strict host and tissue specificity due to their limited
genomes. Unlike the sexually transmitted mycoplasmas
M.genitalium and U.urealyticum, M.hominis may have
distinctive features which allow the establishment of a
specific association with Tvaginalis.

4. CONCLUSIONS AND PERSPECTIVE

Mycoplasmas have been described as ubiquitous
microorganisms infecting mammals, birds, reptiles, fish,
arthropods, plants (52). M.hominis may have found a new
niche within its natural habitat represented by the human
urogenital tract: the pathogenic protist T.vaginalis. This
phenomenon is another example of the versatility of
Mollicutes. In fact, these small and simple but somehow
complex microrganisms show a high degree of adaptation
to the most diverse and adverse environments.

So far, the symbiotic relationship between
M.hominis and T.vaginalis has been characterized only in
part. Further studies will be needed to answer several
questions. A major subject for future research should be the
study of physiological and nutritional interchanges
occurring between M.hominis and T.vaginalis. In fact, such
interactions might confer to one or both the symbonts some
advantage that could partly explain the establishment of the
symbiosis. 7T.vaginalis, like M.hominis, is an obligate
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parasite in that it lacks the ability to synthesize many
macromolecules de novo, particularly purines, pyrimidines
and many lipids. These nutrients are acquired by feeding on
vaginal secretions and bacterial cells from the vaginal flora
(53). Evidently, some biological features of one or both
microorganisms allow M.hominis to change its condition
from “food” to symbiont for T.vaginalis. In order to reach a
deeper understanding of these issues, a characterization of
M. hominis internalization mechanisms is needed. It should
be assessed whether entry within 7T.vaginalis cells is a
passive or active phenomenon. At the same time,
determining the subcellular localization of mycoplasmal
cells may help to better understand all the complex
interactions occurring between T.vaginalis and M.hominis.
Assessing whether mycoplasmas are free in the cytoplasms
or reside in T.vaginalis vacuoles is pivotal.
Compartimentalization within membrane-bound vacuoles
might have led to the development of some defensive
mechanism allowing M.hominis to avoid T.vaginalis lytic
effectors. This may be viewed as another example of a
protist species acting as “training ground” for intracellular
bacteria.

An unvaluable help in deciphering the complex
interaction between T.vaginalis and M.hominis should
come from the recent complete sequencing of 7.vaginalis
genome (54). The ever growing informations coming from
the sequencing project (http://www.tigr.org/tdb/e2k1/tvg/)
will provide useful tools to study T.vaginalis/M.hominis
interactions.

5. ACKNOWLEDGEMENTS

This work was supported by Ministero
dell’Istruzione, dell’Universita ¢ della Ricerca of Italy
(PRIN 2003), and by University of Sassari (Progetto di
ricerca sul 60%, Centro di Eccellenza sulla Biodiversita).

6. REFERENCES

1. Harb O.S., L.Y. Gao & Y. Abu Kwaik: From protozoa to
mammalians cells: a new paradigm in the life cycle of
intracellular bacterial pathogens. Environ Microbiol 2,
251-265 (2000)

2. Cirillo J.D., S. Falkow, L.S. Tompkins & L.E.
Bermudez: Interaction of Mycobacterium avium with
environmental amoebae enhances virulence. Infect Immun
65, 3759-3767 (1997)

3. Molmeret M., M. Horn, M. Wagner, M. Santic & Y. Abu
Kwaik: Amoebea as training grounds for intracellular
bacterial pathogens. App! Environ Microbiol 71, 20-28
(2005)

4. Abd H, A. Weintraub & G. Sandstrom: Intracellular
survival and replication of Vibrio cholerae O139 in aquatic
free-living amoebae. Environ Microbiol. 7, 1003-1008
(2005)

5. Rowbotham T.J.: Preliminary report on the pathogenicity
of Legionella pneumophila for freshwater and soil

2032

amoebae. J Clin Pathol 33,1179-1183 (1980)

6. Cirillo, J. D., L. S. Tompkins & S. Falkow: Growth of
Legionella pneumophila in Acanthamoeba castellanii
enhances invasion. Infect Immun 62, 3254-3261 (1994)

7. Cirillo, J. D., S. L. Cirillo, L. Yan, L. E. Bermudez, S.
Falkow & L. S. Tompkins: Intracellular growth in
Acanthamoeba  castellanii  affects monocyte entry
mechanisms and enhances virulence of Legionella
pneumophila. Infect Immun 67,4427-4434 (1999)

8. Brieland, J. K., J. C. Fantone, D. G. Remick, M.
LeGendre, M. McClain & N. C. Engleberg: The role of
Legionella pneumophila-infected Hartmanella vermiformis
as an infectious particle in a murine model of Legionnaires’
disease. Infect Immun 65,4892—-4896 (1997)

9. Cirillo J.D. Exploring a novel perspective on
pathogenic relationship. Trends Microbiol 7, 96-98 (1999)

10. World Health Organization: Trichomoniasis, p. 26-27.
In Global prevalence and incidence of selected curable
sexually transmitted infections. World Health Organization,
Geneva, Switzerland. 2001

11. Rein M. F. Clinical manifestations of urogenital
trichomoniasis in women. In: Trichomonads parasitic in
humans. Ed: B. M. Honigberg, Springer-Verlag, New
York, N.Y. p. 225-234 (1990)

12. Krieger J. N. Epidemiology and clinical manifestations
of urogenital trichomoniasis in men. In: Trichomonads
parasitic in humans. Ed: B. M. Honigberg,Springer-Verlag,
New York, N.Y. p. 235-245 (1990)

13. Yap E. H., T. H. Ho, Y. C. Chan, T. W. Thong, G. C.
Ng, L. C. Ho & M. Singh: Serum antibodies to
Trichomonas vaginalis in invasive cervical cancer patients.
Genitourin Med 71, 402-404. (1995)

14. Laga M., A. Manoka, M. Kivuvu, B. Malele, M. Tuliza
& N. Nzila: Nonulcerative sexually transmitted diseases as
risk factors for HIV-1 transmission in women: results from
a cohort study. AIDS 7, 95-102. (1993)

15. Sutton M.Y., M. Sternberg, M. Nsuami, F. Behets,
AM. Nelson & M.E. St Louis: Trichomoniasis in pregnant
human immunodeficiency virus-infected and human
immunodeficiency virus-uninfected congolese women:
prevalence, risk factors, and association with low birth
weight. Am J Obstet Gynecol 181, 656-662 (1999)

16. Addis M.F., P. Rappelli & P.L Fiori: Host and tissue
specificity of Trichomonas vaginalis is not mediated by its
known adhesion proteins. Infect Immun 68, 4358-4360
(2000)

17. Alderete J.F. & E. Pearlman: Pathogenic Trichomonas
vaginalis citotoxicity to cell culture monolayers. BrJ Vener
Dis 60, 99-105 (1984)



Mycoplasma hominis and Trichomonas vaginalis

18. Krieger J.K., J.I. Ravdin & M.F. Rein: Contact-
dependent cytopathogenic mechanism of Trichomonas
vaginalis. Infect Immun 50, 778-786 (1985)

19. Fiori P.L., P. Rappelli A.M. Rocchigiani &
P.Cappuccinelli:  Trichomonas  vaginalis haemolysis:
evidence of functional pores formation on red cell
membranes. FEMS Microbiol Lett 109,13-18 (1993)

20. Fiori P.L., P. Rappelli, M.F. Addis, A. Sechi & P.
Cappuccinelli: Trichomonas vaginalis haemolysis: pH
regulates a contact-independent mechanism based on pore-
forming proteins. Microb Pathog 20, 109-118 (1996)

21. Fiori P.L., P. Rappelli, M.F. Addis, F. Mannu & P.
Cappuccinelli: Contact-dependent disruption of the host
cell membrane skeleton induced by Trichomonas vaginalis.
Infect Immun 65, 5142-5148. (1997)

22. Ladefoged S.A.: Molecular dissection of Mycoplasma
hominis. APMIS Supp! 97, 1-45 (2000)

23. Taylor-Robinson D. & W.M. McCormack: The genital
mycoplasmas. N. Eng. J. Med. 302, 1003-1010. (1980)

24. Cassell, G.H., K.B. Waites & D.T. Crouse: Perinatal
mycoplasmal infections. Clin Perinatol 18, 241-262 (1991)

25. Cotch, M.F., J.G. Pastorek, R.P. Nugent, S.L. Hillier,
R.S. Gibbs, D.H. Martin, D.A. Eschenbach, R. Edelman,
J.C. Carey, J.A. Regan, M.A. Krohn, M.A. Klebanoff, A.V.
Rao & G.G. Rhoads: Trichomonas vaginalis associated
with low birth weight and pre-term delivery. Sex Transm
Dis 24,353-360 (1997)

26. Paul V.K., U. Gupta, M. Singh, V.L. Nag, D. Takkar &
M.K. Bhan: Association of genital mycoplasma
colonization with low birth weight. Int J Gynaecol Obstet
63, 109-114 (1998)

27. Platt R., J.S.L. Lin, J.W. Warren, B. Bosner, K.C.
Edelin & W.M. McCormack: Infection with Mycoplasma
hominis in postpartum fever. Lancet 2, 1217-1221 (1980)

28. Nielsen M.H. The ultrastructure of Trichomonas
vaginalis Donné before and after transfer from vaginal
secretion to diamonds medium. Acta Pathol Microbiol
Scand 83, 381-389 (1975)

29. Scholtyseck E, J Teras, I Kasakova & KK Sethi:
Electron microscope observations on the interaction of
Mycoplasma fermentans with Trichomonas vaginalis. Z
Parasitenkd. 71, 435-442 (1985)

30. Turrini F., G. Giribaldi, E. Valente & P. Arese:
Mycoplasma contamination of Plasmodium cultures: a case
of parasite parasitism. Parasitol Today 13, 367-368 (1997)

31. Koch A., A. Bilina, L. Teodorowicz & A. Stary:
Mycoplasma hominis and Ureaplasma urealyticum in
patients with sexually transmitted diseases. Wien Klin
Wochenschr 109, 584-589 (1997)

2033

32. Van Belkum A, C. van der Schee, W.I. van der
Meijden, H.A. Verbrugh, & H.J. Sluiters: A clinical study
on the association of Trichomonas vaginalis and
Mpycoplasma hominis infections in women attending a
sexually transmitted disease (STD) outpatient clinic. FEMS
Immunol Med Microbiol 32,27-32 (2001)

33. Rappelli P., M.F. Addis, F. Carta & P.L. Fiori:
Mpycoplasma hominis parasitism of Trichomonas vaginalis.
Lancet 352, 1286 (1998)

34. Taylor-Robinson D. Mycoplasma hominis parasitism of
Trichomonas vaginalis. Lancet 352, 2022 (1998)

35. Rappelli P., M.F. Addis, F. Carta & P.L. Fiori:
Mycoplasma hominis parasitism of Trichomonas vaginalis.
Author’s reply Lancet 352, 2023 (1998)

36. Fraser, C. M., J. D. Gocayne, O. White, M. D. Adams,
R. A. Clayton, R. D. Fleischmann, C. J. Bult, A. R.
Kerlavage, G. Sutton, J. M. Kelley, J. L. Fritchman, J. F.
Weidman, K. V. Small, M. Sandusky, J. Fuhrmann, D.
Nguyen, T. R. Utterback, D. M. Saudek, C. A. Phillips, J.
M. Merrick, J.F. Tomb, B. A. Dougherty, K. F. Bott, P.-C.
Hu, T. S. Lucier, S. N. Petterson, H. O. Smith, C. A.
Hutchison III & J. C. Venter: The minimal gene
complement of Mycoplasma genitalium. Science 270, 397—
403 (1995)

37. Glass J.1., E.J. Lefkowitz, J.S. Glass, C.R. Heiner, E.Y.
Chen & G.H. Cassel: The complete sequence of the
mucosal pathogen Ureaplasma urealyticum. Nature 407,
757-762 (2000)

38. Vasconcelos AT, HB Ferreira, CV Bizarro, SL Bonatto,
MO Carvalho, PM Pinto, DF Almeida, LG Almeida, R
Almeida, L Alves-Filho, EN Assuncao, VA Azevedo, MR
Bogo, MM Brigido, M Brocchi, HA Burity, AA Camargo,
SS Camargo, MS Carepo, DM Carraro, JC de Mattos
Cascardo, LA Castro, G Cavalcanti, G Chemale, RG
Collevatti, CW Cunha, B Dallagiovanna, BP Dambros, OA
Dellagostin, C Falcao, F Fantinatti-Garboggini, MS Felipe,
L Fiorentin, GR Franco, NS Freitas, D Frias, TB Grangeiro,
EC Grisard, CT Guimaraes, M Hungria, SN Jardim, MA
Krieger, JP Laurino, LF Lima, MI Lopes, EL Loreto, HM
Madeira, GP Manfio, AQ Maranhao, CT Martinkovics, SR
Medeiros, MA Moreira, M Neiva, CE Ramalho-Neto, MF
Nicolas, SC Oliveira, RF Paixao, FO Pedrosa, SD Pena, M
Pereira, L Pereira-Ferrari, 1 Piffer, LS Pinto, DP Potrich,
AC Salim, FR Santos, R Schmitt, MP Schneider, A
Schrank, IS Schrank, AF Schuck, HN Seuanez, DW Silva,
R Silva, SC Silva, CM Soares, KR Souza, RC Souza, CC
Staats, MB Steffens, SM Teixeira, TP Urmenyi, MH
Vainstein, LW Zuccherato, AJ Simpson & A. Zaha: Swine
and poultry pathogens: the complete genome sequences of
two strains of Mycoplasma hyopneumoniae and a strain of
Mycoplasma synoviae. J Bacteriol 187, 5568-5577 (2005)

39. Himmelreich R., H. Hilbert, H. Plagens, E. Pirkl, B.C.
Li & R. Herrmann: Complete sequence analysis of the
genome of the bacterium Mycoplasma pneumoniae.
Nucleic Acids Res 24, 4420-4449.(1996)



Mycoplasma hominis and Trichomonas vaginalis

40. Papazisi L, T.S. Gorton, G. Kutish, P.F. Markham, G.F.
Browning, D.K. Nguyen, S. Swartzell, A. Madan, G.
Mabhairas & S.J. Geary: The complete genome sequence of
the avian pathogen Mycoplasma gallisepticum strain
R(low). Microbiology 149, 2307-16 (2003)

41. Rottem S: Interaction of mycoplasmas with host cells.
Physiol Rev 83, 417-432. (2003)

42. Oshima K., S. Kakizawa, H. Nishigawa, H.Y. Jung, W.
Wei, S. Suzuki, R. Arashida, D. Nakata, S. Miyata, M.
Ugaki & S. Namba: Reductive evolution suggested from
the complete genome sequence of a plant-pathogenic
phytoplasma. Nat Genet 36, 27-29. (2004)

43. Rappelli P., F. Carta, G. Delogu, M.F. Addis, D. Dessi,
P. Cappuccinelli & P.L. Fiori: Mycoplasma hominis and
Trichomonas vaginalis symbiosis: multiplicity of infection
and transmissibility of M.hominis to human cells. Arch
Microbiol 175, 70-74 (2001)

44. Dessi D., G. Delogu, E. Emonte, M.R. Catania, P.L.
Fiori & P. Rappelli: Long-term survival and intracellular
replication of  Mycoplasma hominisi in Trichomonas
vaginalis cells: a potential role of the protozoon in
transmitting bacterial infection. Infect Immun 73, 1180-
1186 (2005)

45. Marshall A., B. Afshar, J. Pacy, D. Pitcher & R. Miles:
Intracellular location of mycoplasmas. Microbiology 144,
3240-3241 (1998)

46. Baseman J.B., M. Lange, N.L. Criscimagna, J.A. Giron
& C.A. Thomas: Interplay between mycoplasmas and host
target cells. Microb Pathog 19, 105-116 (1995)

47. Dallo S.F. & JB. Baseman: Intracellular DNA
replication and long-term survival of pathogenic
mycoplasmas. Microb Pathog 29, 301-309 (2000)

48. Taylor-Robinson D., H.A. Davies, P. Sarathchandra &
PM. Furr: Intracellular location of mycoplasmas in
cultured cells demonstrated by immunocytochemistry and
electron microscopy. Int J Exp Pathol 72: 705-14 (1991)

49. Rendon-Maldonado J., M. Espinosa-Castellano, C.
Soler, J.V. Torres & A. Martinez-Palomo: Trichomonas
vaginalis: in vitro attachment and internalization of HIV-1
and HIV-1-infected lymphocytes. J Eukaryot Microbiol 50,
43-48 (2003)

50. Valore E.V., C.H. Park, S.L. Igreti & T.Ganz:
Antimicrobial components of vaginal fluid. Am J Obstet
Gynecol 187, 561-568 (2000)

51. Feely D.E., D.G. Chase, E.L. Hardin & S.L. Erlandsen:
Ultrastructural evidence for the presence of bacteria, viral-
like particles, and mycoplasma-like organisms associated
with Giardia spp. J Protozool 35, 151-158 (1988)

52. Razin S., D. Yogev & Y. Naot: Molecular biology and
pathogenicity of mycoplasmas. Microbiol Mol Biol Rev 62,

2034

1094-1156 (1998)

53. Petrin D., K. Delgaty, R. Bhatt & G. Garber Clinical
and microbiological aspects of Trichomonas vaginalis Clin
Microbiol Rev 11, 300-317 (1998)

54. Lyons E.J. & J. Carlton: Mind the gap: bridging the
divide between clinical and molecular studies of the
trichomonads. Trends Parasitol 20, 204-207 (2004)

Key Words: Trichomonas vaginalis, Mycoplasma hominis,
Symbiosis, Sexually Transmitted Diseases, Review

Send correspondence to: Dr Pier Luigi Fiori, Department
of Biomedical Sciences, Division of Experimental and
Clinical Microbiology, University of Sassari. Viale S.Pietro
43/B 07100 Sassari, Italy, Tel: 39079228299, Fax:
39079212345, E-mail: fioripl@uniss.it

http://www.bioscience.org/current/vol11.htm



